The demand for citric acid production is increasing faster than its production and hence more economical processes are required. The growth and production of citric acid is greatly affected by medium composition, fermentation parameters and stimulators. The medium components nitrogen, carbon and phosphorus and metal ions play critical role in production of citric acid by Aspergillus sp. (Kristiansen and Sinclair, 1978) .
In development of industrial processes optimization of conditions has vital importance. One variable at a time (OVAT), a classical optimization methodology is most frequently used. It is time and effort consuming. Moreover, it also lacks the study of interaction between variables (Haaland, 1989) . In order to optimize biotechnological processes, the statistical approaches provide cost-effective way out as they provide pre planned methods through which interaction between variables can easily be calculated (Haaland, 1989; Gupta et al., 2002) . Response surface methodology (RSM) is one of the useful models for studying the effect of several factors influencing the responses by varying them simultaneously and carrying out limited number of experiments. Keeping in view of the above facts, present study was designed to optimize the medium ingredients concentration that play important role in growth of fungus and secretion of metabolic products. In order to study the concentration effects and optimization of concentration of the different medium ingredients on yield of citric acid, Box-Behnken design (1960) and response surface methodology (Deshayes, 1980; Metthews et al., 1981) were applied.
Materials and Methods

Microorganism
Aspergillus niger PCSIR-06 isolated by Rahman et al. (2008) was used in present studies.
Organism maintenance
The culture of Aspergillus niger was maintained on sterilized potato dextrose agar medium (Potato Extract of 200 g/l, Dextrose 20 g/l and Agar 15 g/l), pH 4.5 and stored at 5 o C in the refrigerator. All the culture media, unless other wise stated, were sterilized in autoclave at 15 lbs/inch 2 pressure (121ºC) for 15 min.
Inoculum Preparation
The spores of A. niger PCSIR-06 were produced in 250 ml Erlenmeyer flasks containing 40 ml PDA medium. The medium was inoculated with spores from the stock culture and incubated at 28 o C for seven days. The spores were recovered by stirring using a solution of Tween 80 0.01%.
The suspension obtained, containing 10 8 spores/ml was used as inoculum.
Fermentation technique
Citric acid production experiments were carried out using sterilized medium containing glucose, NH 4 NO 3 , KH 2 PO 4 and MgSO 4 as per model design in TUNAIR TM Cell growth Shake Flask System, Shelton Scientific-IBI, working volume 500 ml, shaking speed 200 rpm and filter size 0.22 micron nitrocellulose. 5% v/v inoculum was used for inoculating the medium through out the studies. The whole system was incubated at 30±1ºC for 168 hrs.
Analytical methods
After the completion of each experiment the fermented broth was centrifuged at 10,000 rpm for 10 minutes and the supernatant was used for analysis.
Estimation of Citric Acid
Citric acid was estimated by using pyridine-acetic anhydride method as reported by Marrier and Boulet (1956 
Experimental design and optimization by RSM
Response surface methodology is a group of experimental techniques to evaluate relationship between cluster of controlled experimental factors and measured responses according to one or more selected criteria. The variables selected were Sucrose, KH 2 PO 4 , NH 4 NO 3 , MgSO 4 , Zn and Fe. BoxBehnken design (Box and Behnken, 1960) was applied to describe the nature of the response surface in the experimental region and to identify the optimum medium components concentration for maximum yield of citric acid.
The actual and coded values along with units for different variables are shown in Table I . 
Results and Discussions
Model diagnostics
Residual analysis (Fig. 1 ) was used to examine the adequacy of the presented model. Fig. 1a checks the lurking variables that may have influenced the response during the experiment. The plot showed a random scatter. Trends indicate a time related variable lurking in the background. Blocking and randomization provide insurance against trends ruining the analysis. Fig. 1b represents the difference between the actual and predicted response. The residual differences were large enough when compared with the actual and predicted one. The difference was due to the presence of noise during the experimentation. Box-Cox plot provides a guide line for (λ) that results in the minimum residual sum of squares in the transformed model. Here the value of Lambda is 'λ =1' which means no transformation is required (Fig. 1c) . The results of 2nd order response surface model fitted in the form of analysis of variance (ANOVA) are depicted in Table  IV . The Model F-value of 27.21 implies the model is significant. There is only a 0.01% chance that a "Model F-Value" this large could occur due to noise. Values of "Prob>F" less than 0.0500 indicate model terms are significant. The variation in concentration of all the individual ingredients with sucrose while keeping the rest of the factors at central level showed similar trends and revealed that sucrose is a major factor controlling the yield of citric acid in this case. The excessive concentration of carbon source is required for citric acid overflow during fermentation (Kristian and Sinclair, 1978) .
The data regarding the variation in concentration in combinations of KH 2 PO 4 with other individual nutrients while keeping the remaining nutrients at central points is presented in Fig. 3 . The data revealed that maximum citric acid yield achieved was about 30g/l in combinations of KH 2 PO 4 at maximum level with minimum level of NH 4 NO 3 while rest of the ingredients kept at central points. These results confirmed the findings of Kristiansen and Sinclair (1979) that nitrogen must be limited to attain highest yields of citric acid. An appropriate balance of nitrogen and phosphate is important for the accumulation of citric acid in batch culture (Shu and Johnson, 1948) . The other combinations showed mixed effect on yield of citric acid.
(a)
The response surface and contour plot of the effects of NH 4 NO 3 concentration in combination with other nutrients i.e, MgSO 4 , Zn and Fe revealed that citric acid yield was possible in the range of ~10.0 to ~30 g/l (Fig. 4 ) . Fig. 4 also unzip the fact that NH 4 NO 3 a nitrogen source is required at maximum level with minimum levels of metals (Fe, Zn) and MgSO 4 for maximum yield of citric acid and vice versa. In defined media nitrogen is supplied as ammonium sulfate or ammonium nitrate. The advantage of ammonium salts is that they decrease pH as they are consumed, which is a prerequisite of citric acid production (Papagianni et al., 2005) .
The data presented in (Fig. 6 ) revealed that maximum yield of citric acid could be achieved by keeping one of the both metals at minimum and other at maximum level in the medium. The trace metal have important role in accumulation of citric acid (Shu and Johnson (1948) . They synergistically influence on yield of citric acid (Kristiansen and Sinclair, 1979) .
On the basis of above described relationships among the experimental factors, the Model predicted optimized concentrations of medium ingredients i.e., Sucrose 149.92 g/l, KH 2 PO 4 1.25 g/l, NH 4 NO 3 , 4.66 g/l, MgSO 4 0.15 g/l, Zn 24.00 mg/l, Fe 0.21 mg/l for maximum citric acid yield i.e., 108.69 g/l.
Verification
A verification run was conducted in triplicate to confirm the predicted optimized concentrations of the medium ingredients using Aspergillus niger PCSIR 06 with requisite conditions. The mean citric acid yield of 102.18± 2.38 g/l was obtained with the optimized concentrations of medium ingredients which is quite close to predicted yield of 108.69 ± 2.92 %. The application of response surface methodology to optimize the medium composition for various processes has also been reported by many workers (Abdel-Fateh and Olama, 2002; Chang et al., 2002; El-Helow et al., 2000; Francis et al., 2003) .
Conclusion
It can be safely concluded from the aforsaid study that the application of Box-Bhenken design and response surface analysis to optimize the different factors for maximal production is an efficient method that evaluates the interactive effect of each factor. Further it converts the bioprocess factors correlation into a mathmetical model that predicts where the optimum is likely to be located.
